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Parathyroid hormone is not anticalciuric during chronic
metabolic acidosis
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Parathyroid hormone is not anticalciuric during chronic metabolic
acidosis. The role of parathyroid hormone (PTH) on calcium excretion
during chronic metabolic acidosis was investigated in intact and thyro-
parathyroidectomized (TPTX) acidotic and control dogs. intact dogs
fed NH4CI for 3 days developed marked hypercalciuria as compared to
intact control animals. After thyroparathyroidectomy, calcium excre-
tion corrected per glomerular filtration rate decreased significantly in
NH4C1-treated dogs but not in the controls. This was observed in the
face of a TPTX-induced fall in filtered load of calcium in both groups.
After restoration of filtered load of calcium to normal by CaCI2 infusion,
fractional calcium excretion at any level of fractional sodium excretion
was higher in NH4CI-treated TPTX dogs than that of TPTX controls,
indicating a calciuric effect of acidosis independent of PTFI. PTH (I
U/mm x 60 mm) was infused to examine the effect of this hormone on
calcium excretion during NH4CI-induced acidosis. In normal dogs,
PTH significantly decreased absolute and fractional calcium excretion.
In contrast, PTH infusion to acidotic dogs failed to decrease absolute
and fractional calcium excretion. In both groups, phosphate excretion
increased significantly. The higher calcium excretion of acidotic dogs
during PTH infusion resulted from failure to enhance calcium reabsorp-
tion as shown by the fact that, at any level of plasma ionizable calcium,
calcium excretion was higher in acidotic dogs than in controls. These
findings indicate that during metabolic acidosis PTH does not exert its
normal anticalciuric effect. This may contribute to the development of
hypercalciuria despite PTH excess in certain clinical conditions associ-
ated with chronic metabolic acidosis.
L'hormone parathyroldienne n'est pas anticalciurique pendant l'aci-
dose metabolique chronique. L 'effet de l'hormone parathyroIdienne
(PTH) sur l'excrétion calcique pendant l'acidose métabolique chro-
nique a été étudié chez des chiens acidotiques intacts et thyroparathy-
roldectomisés (TPTX), et chez des contrôles. Les chiens intacts ayant
recu du NH4CI pendant 3 jours ont developpé une hypercalciurie
marquee par rapport aux animaux contrôles intacts. AprCs thyropara-
thyroidectomie, l'excrétion calcique corrigée par Ic debit de filtration
glomCrulaire a diminué significativement chez les chiens traités par Ic
NH4CI, et non chez les contrôles. Cela a Cté observe en méme temps
qu'une chute de la charge filtrée en calcium induite par Ia TPTX dans
les deux groupes. Après restauration de la charge tiltrCe en calcium a Ia
normale par perfusion de CaCI2, l'excrétion fractionnelle du calcium
était plus Clevée chez les chiens TPTX traités par le NH4CI que chez les
TPTX contrôles, pour tout niveau d'excrétion fractionnelle du sodium,
indiquant un effet calciuriant de l'acidose indépendant de la PTH. PTH
(I U/mm x 60 mm) a été perfuse afin d'examiner l'effet de cette
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hormone sur l'excrétion du calcium pendant l'acidose induite par Ic
NH4C1. Chez les chiens normaux, Ia PTH a diminué significativement
l'excrétion absolue et fractionnelle du calcium. Au contraire, Ia perfu-
sion de PTH a des chiens acidotiques na pas diminué l'excretion
fractionnelle et absolue du calcium. Dans les deux groupes, l'excrétion
de phosphate s'est élevée significativement. La plus grande excretion
calcique chez les animaux acidotiques pendant Ia perfusion de PTH
était due a l'impossibilité de stimuler Ia reabsorption calcique, comme
le montrait le fait que, quel que soit Ic niveau du calcium ionisC
plasmatique, l'excrétion calcique était plus Clevée chez les chiens
acidotiques que chez les contrôles. Ces rCsultats indiquent qu'au cours
de l'acidose mCtaholique Ia PTH n'exerce pas son effet anticalciurique
normal. Cela pourrait contribuer au développement d'une hypercal-
ciurie malgré un excés d'hormone parathyroldienne dans certaines
circonstances cliniques associCes a l'acidose mCtabolique chronique.
Chronic metabolic acidosis is well known to result in hyper-
calciuria [1—81. The hypercalciuria of metabolic acidosis has
been shown to develop independently of changes in the filtered
load of calcium or changes in sodium excretion [4—6]. The
augmented urinary calcium excretion seen in metabolic acidosis
has been attributed to a depression in tubular calcium reabsorp-
tion induced by acidosis per se [4—7] and to enhanced bone
calcium mobilization [4, 8, 9]. The role of parathyroid hormone
(PTH) in the calciuria of metabolic acidosis has not been
elucidated. Studies in humans [4] and animals [7, 10] have
shown that a calciuric effect in response to acidosis can occur in
hypoparathyroid subjects suggesting that PTH is not necessary
for the development of hypercalciuria during acidosis. The
finding of an increase in calcium excretion despite hypoparathy-
roidism, however, does not exclude a role of PTH in regulating
renal calcium handling during acidosis. Previous observations
have shown that acidosis can modify the phosphaturic effect of
PTH [11, 121 as well as enhance the biological effect of this
hormone on bone [13]. A preliminary report suggests that in the
rat PTH administration is hypercalciuric rather than hypocal-
ciuric [14]. Hence, it is possible that the renal effect of PTH on
calcium transport during acidosis differs from that observed
during normal conditions. This study was designed to evaluate
the role of PTH on the calciuria of ammonium chloride-induced
chronic acidosis in the dog. Accordingly, we systematically
examined the effect of thyroparathyroidectomy and PTH re-
placement on renal calcium excretion in acidotic dogs in which
the filtered load of calcium was comparable to that of non-
ammonium chloride-treated animals.
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Table 1. Calcium handling in intact NH4CI-treated and normal dogs and effect of thyroparathyroidectomy (TPTX)
Plasma Plasma
Blood total ionizable Fractional excretion Filtered
GFR Weight Blood
Blood
Pco, HCO3—
Ca Ca
--—
Plasma
phosphate Na P04 Ca Uca x VEq/dl load ofCa
Group ml/,nin kg pH mm Hg mEq/Iiter m,noles/liter % GFR jEqImin
NH4CI intact 74 20.7 7.22 29 11.8 4.27 2.52 1.21 2.5 25 4.2 11 185
(N = 10) ±5.1 ±1.4 ±0.01 ±1.2 ±0.4 ±0.13 ±0.12 ±0.06 ±0.5 ±4.5 ±0.7 ±2.0 ±15
P< NS NS NS NS NS 0.001 0.005 0.025 NS 0.02 NS 0.05 0.05
NH4C1 TPTX 73.5 — 7.21 32 12.4 2.89 1.93 1.46 2.3 8.2 3.8 7.4 163
(N = 10) ±4.2 ±0.09 ±1.6 ±0.5 ±0.11 ±0.04 ±0.14 ±0.5 ±3.2 ±0.7 ±1.6 ±13
Normal intact 66 18.4 7.41 34 21.3 4.32 2.55 1.32 3.2 27 2.1 5.5 171
(N = 9) ±7.6 ±1.0 ±0.01 ±1.6 ±1.1 ±0.16 ±0.05 ±0.14 ±0.3 ±7.0 ±0.3 ±0.9 ±22
P< NS NS NS 0.02 0.001 0.005 NS NS NS NS NS 0.025
Normal TPTX 73 — 7.36 31.7 17.6 2.83 1.80 1.59 3.7 22 2.2 4.0 134
(N = 9) ±9.6 ±0.01 ±0.8 ±0.7 ±0.19 ±0.12 ±0.17 ±0.8 ±8.7 ±0.4 ±0.7 ±21
p<a NS NS 0.001 0.025 0.001 NS NS NS NS NS 0.02 0.05 NS
p.(b NS — 0.001 NS 0.001 NS NS NS NS NS NS NS NS
a Value represents statistical analysis between NH4CI-treated and normal intact dogs.
b Value represents statistical analysis between NH4CI-treated and normal dogs after TPTX.
Methods
A total of 78 experiments were performed on 23 female
mongrel dogs. All studies began at 9 A.M. The animals were
anesthetized with sodium pentobarbital, 30 mg/kg i.v.; light
anesthesia, as judged by preservation of cornea! reflexes, was
maintained by subsequent small doses. A cuffed endotracheal
tube was inserted and connected to a Bird respirator; plasma
Pco2 was maintained between 28 and 45 mm Hg by appropriate
manipulation of the respirator. A catheter was inserted in the
femoral artery for blood sampling. A peripheral venous catheter
was used to infuse 0.9% saline containing iothalamate-'251 (100
Ci/1iter) at a rate of 0.6 mi/mm throughout the experiments as a
marker of glomerular filtration rate (GFR). An equilibration
period of at least 45 mm was allowed before urine sample
collections were started. Clearance periods were approximately
10 mm duration. Urine was collected via an indwelling Foley
catheter.
The following set of experiments was performed in the
following sequence:
Renal handling of calcium in intact dogs. Ten dogs were
studied after metabolic acidosis was induced by nasogastric
feeding of NH4C1 (6 mEq/kg body wt) for 3 consecutive days.
On day 3 after the last dose of NH4CI was given, three
clearance collections were obtained. A control group composed
of nine normal dogs to whom NH4CI was not given was studied
in a similar manner.
Influence of thyroparathyroidectomy on calcium excretion.
The ten acidotic dogs described above underwent total thyro-
parathyroidectomy (TPTX) after completion of clearance col-
lections and were studied 24 hr later. The control group of nine
normal dogs also underwent TPTX. In both groups, total
plasma calcium fell below 3.75 mEq/liter 24 hr after TPTX
suggesting that the surgical procedure was effective. Three
clearance collections were obtained in both groups of TPTX
dogs.
Effect of restoring plasma calcium to normal levels in TPTX
dogs. To examine calcium handling at normal levels of plasma
calcium, a continuous infusion of CaCl2 (8 to 10 Eq/min/kg
body wt during 90 mm) was administered to nine normal TPTX
animals as well as to 14 acidotic TPTX animals (ten of these 14
animals were also studied prior to TPTX as described above).
Plasma total calcium was determined frequently to verify that a
level between 4.0 and 5.5 mEq/iiter was maintained. After a 30-
mm period of equilibration, a total of six clearance collections
of approximately 10 mm duration were obtained in acidotic and
normal TPTX dogs.
Effect of PTH administration to TFTX dogs with normal
plasma calcium. Upon completion of six clearance collections
during CaCI2 infusion as described above, an extract of bovine
PTH (TCA powder, Sigma Lab, St. Louis, Missouri) was
infused at a constant rate of 1 U/mm during 60 mm to the nine
normal TPTX animals and to eight of the 14 acidotic TPTX
animals described above. The remaining six TPTX acidotic
dogs were infused with PTH vehicle and served as a time-
control group. During the course of this protocol, CaCI2 infu-
sion rate was reduced to 1 to 3 1LEq/min/kg body wt to avoid
increases in plasma calcium levels above those observed prior
to PTH administration. Total plasma calcium was determined
frequently to ensure that a level between 4.0 and 5.5 mEq/liter
was sustained. A total of six clearance collections were ob-
tained in each animal.
Specimen collections, GFR, blood, and urine electrolyte
concentrations were determined as previously reported [15].
Ionizable calcium was measured using the Orion calcium elec-
trode. Ultrafiltrates for measurement of ultrafilterable plasma
calcium were prepared with Amicon Centriflo ultrafiltration
cones (Amicon Co., Lexington, Massachusetts).
Plasma ultrafilterable calcium was determined in eight of the
14 dogs with NH4CI-induced acidosis and six of the nine normal
dogs. The regression lines of plasma ionizable calcium (x) and
plasma ultrafilterable calcium (y) were highly significant in both
groups: control dogs (y = 0.49 + 0.87X, correlation coefficient
0.86) and NH4CI-treated dogs (y = —0.07 + l.OX, correlation
coefficient 0.93). By analysis of covariance neither the slope nor
266 Bat/ic Ct al
Table 2. Calcium handling in TPTX NH4CI-treated and normal in response to CaCl2 infusion
NH4C1 + CaCI2 71.5
(N — 14)
— 7.19 33.1 12.3 4.96 2.880.7 ÷0.12
Plasma
phosphate
mmoic'.s/iiter
the intercept of the two lines were significantly different.
Hence, changes in ionizable plasma calcium accurately reflect-
ed changes in ultrafilterable plasma calcium. Filtered load of
calcium was calculated by the formula: GFR x plasma ioniz-
able calcium; fractional calcium excretion was calculated by the
formula: clearance ionizable calcium/GFR. Statistical analyses
were performed using Student's t test for paired and unpaired
data when appropriate. Values are expressed as means SEM,
Results
Renal calcium handling in intact animals (Tab/c' I). Ammoni-
urn chloride administration to intact animals resulted in meta-
bolic acidosis; blood pH and blood bicarbonate were signifi-
cantly lower in these animals than those of normal animals.
Acidotic dogs had an absolute calcium excretion significantly
higher than that observed in normal animals (11 2.0 and 5.5
0.9 cEq/dl of GFR, respectively,? < 0.05). Fractional calcium
excretion was also significantly higher in acidotic dogs (4.2
0.7%) than that of normal dogs (2.1 0.3%) P < 0.02. The
higher calcium excretion of NH4C1-treated dogs was observed
at comparable levels of GFR, plasma phosphate, fractional
phosphate excretion, and fractional sodium excretion. Like-
wise, total plasma calcium and filtered load of ionizable calcium
were not significantly different between NH4CI-treated and
normal animals. Plasma ultrafilterable calcium was 2.67 0.1 1
and 2.88 0.13 mEq/liter in NH4C1-treated and control dogs,
respectively (not significant statistically).
Effect of TPTX in ammonium chloride-treated and normal
animals (Table 1). Thyroparathyroidectomy resulted in a com-
parable fall in both total and ionizable plasma calcium in
acidotic and normal dogs. GFR did not change significantly in
either group. Absolute calcium excretion fell significantly in
acidotic dogs (from 11 2.0 to 7.4 1.6 xEq/dl of GFR, P <
0.05), but not in controls (from 5.5 0.9 to 4.0 0.7 mEq/dl of
GFR, not significant). Fractional calcium excretion did not
change significantly in either group. Plasma phosphate in-
creased in both groups after TPTX, although the increase
observed in normal dogs was not statistically significant. The
expected decline in fractional phosphate excretion was also not
statistically significant in normal animals. TPTX had no effect
on fractional sodium excretion in either group. The filtered load
of ionizable calcium fell significantly in both groups.
Total Ionizable
Blood Blood plasma plasma
Blood Pco, HCO4 Ca CaGFR Weight pH -
Group mI/mm kg mm Hg mEq/liter
NH4CI
(N — 14)
P<
72.8 20 7.23 31.6 12.9
--1.1 ÷0.01 ÷0.5
NS 0.005 0.0005 NS
2.96 1.91
01O
0.0005 0.0005
Normal
(N — 9)
P<
Fractional
Na
excretion
P04 Ca''
%
Filtered UHCO1
UcaXVloadofCa XV
p.Eqldl
GFR ji.Eq/min
1.50
NS
73.5 18.4 7.36 31.6
NS NS 0.02
2.0 9.6 3.3
NS 0.02 0.02
17.7 2.83 1.800.7 ÷0.19
NS 0.0005 0.0005
139 2.64
0.0005 NS
1.54 2.5 16 5.7
÷0.13 ÷0.5 -'-2.2
1.59 3.7 22 2.20.l7 ÷0.8 8.7
NS NS NS 0.025
204 #87
6.4
0.0025
17
÷3.2
4.0
O74
0.0025
1325
NS
NS
Normal + CaCl2 70 7.33 35.7 17.9 4.48 2.89 1.70 4.3 19 4.3(N = 9) 0.l7 0.9 -'-2.4 ÷0.81
p<a NS NS 0.001 NS 0.001 NS NS NS NS NS NS
p.1b NS NS 0.001 NS 0.001 0.025 NS NS NS NS NS
Value represents statistical analysis between NH4CI-treated and normal TPTX dogs prior to CaCI2 infusion.
Value represents statistical analysis between both groups during CaCI2 infusion.
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Fig. 1. The relationship of fractional calcium excretion to fractional
sodium excretion. The slope of the regression line of TPTX acidotic
dogs (closed circles) was significantly higher than that of TPTX control
dogs (open circles). See Results.
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Table 3. Effect of PTH infusion to NH4CI-treated and normal TPTX dogs
NH4CI 71
(T-control)
Normal 70
(N = 9)
P< NS
Total Ionizable
Blood plasma plasma
HC03 Ca Ca
,nEq/Iiter
Filtered
load of UHCO3UcaXV Ca XV
* NS NS 0.05 NS NS NS NS NS NS 0.01 NS NS NS NS
** NS NS 0.001 NS 0.001 NS NS NS NS NS 0.005 0.01 NS 0.01
NS NS 0.05 NS NS NS NS NS NS NS 0.005 0.01 NS 0.01
Symbols: *, statistical comparison between NH4CI-treated dogs infused with PTH and NH4CI treated dogs not infused with PTH (Time-
controls); **, statistical analysis between time-control dogs and normal dogs infused with PTH; ***, statistical analysis between normal dogs and
NH4CI-treated dogs during PTH infusion.
No significant differences in either absolute or fractional
calcium excretion were observed between the two groups after
TPTX. Calcium excretion, however, tended to be higher in the
NH4C1-treated dogs than in normal dogs. This could have been
the result of a higher (although statistically not significant)
filtered load of calcium in the NH4CI-treated group than that of
controls (163 13 and 134 21 rEqImin, respectively). In
addition, it might have been impossible to disclose a significant
difference in calcium excretion at low levels of plasma calcium
as a consequence of TPTX. Hence, the following studies were
conducted to examine renal calcium handling at comparable
levels of plasma calcium and filtered load of ionizable calcium.
Effect of restoring plasma calcium to normal levels in TPTX
dogs (Table 2). As a result of CaCI2 infusiort, both total and
ionizable plasma calcium increased significantly in NH4CI-
treated and normal dogs. The filtered loads of ionizable calcium
increased to a comparable degree in both groups (204 12 and
209 24 pFq/min, respectively). No significant changes in
GFR, plasma phosphate, or fractional sodium excretion were
observed during CaCI2 infusion to either group. Absolute and
fractional calcium excretion increased significantly in both
groups.
Neither absolute, nor fractional calcium excretion were sig-
nificantly different between the two groups during CaCl2 infu-
sion. Fractional calcium excretion, however, tended to be
higher and fractional sodium excretion tended to be lower in the
NH4C1-treated group than that of normal dogs. Therefore, we
examined fractional calcium excretion at any given level of
fractional sodium excretion (Fig. 1). This figure depicts the
relationship of fractional calcium excretion to fractional sodium
excretion in acidotic and normal TPTX animals during CaCI2
infusion. It is clear that fractional calcium excretion increased
in parallel with fractional sodium excretion in both groups. By
analysis of covariance, the slope of the regression line observed
in acidotic dogs was significantly higher than that of the
regression line observed in normal dogs (P < 0.01). Hence,
fractional calcium excretion relative to fractional sodium excre-
tion was higher in acidotic dogs than that of normal animals.
This was observed at comparable concentrations of plasma
ionizable calcium (Table 2). Plasma ultrafilterable calcium was
significantly higher in normal dogs (3.27 0.14 mEq/liter) than
that of NH4CI-treated dogs (2.88 0.07 mEq/liter), P < 0.05.
Urine bicarbonate excretion and blood pH were significantly
higher in the control group than in the NH4CI group (Table 2).
Effect of PTH administration to TPTX acidotic and control
dogs (Table 3). The infusion of PTH to normal TPTX dogs
resulted in a significant fall in both absolute calcium excretion
(from 13 3.5 to 8 1.2 sEq/dl of GFR, P < 0.05) and
fractional calcium excretion (from 4.3 0.8% to 2.6 0.3%, P
<0.05). This occurred in the absence of any significant change
in the total plasma calcium concentration or filtered load of
ionizable calcium. Likewise, no significant changes in GFR,
plasma phosphate, and fractional sodium excretion occur dur-
ing PTH administration. In these normal control animals,
fractional phosphate excretion increased significantly as a re-
suit of PTH administration.
GFR Weight Blood
Group mI/mm kg pH
NH4CI
(N =8)
P<
Blood
Pco2
mm Hg
71
NS
20.9 7.21 33 12.9
NS NS NS
Plasma Fractional excretion
phosphate
NH4CI + PTH 74
4.52 2.80
NS 0.05
Na P04 Ca p.Eq/dl
% GFR
NH4CI
(N =6)
P<
1.59
0.23
NS
— 7.22 32.5 13.9 4.63 2.92
72
NS
2.75
NS
19.5 7.17
0.005
17 5.8
0.001 NS
iEq/min
32.5
NS
11.5
0.01
17 198 1.8
NS NS NS
4.62 2.99
0.05 NS
1.55 3.02 37.8 7.4 22 214 2.5
±0.21 ±0.73 ±3.0 ±1.3 ±4.6 ±20 ±1.1
— 7.10 33 9.9 4.45 3.07
±0.03 ±2.1 ±0.9 ±0.10 ±0.006
18.4 7.33 35.7
±1.0 ±0.02 ±1.2
NS NS
1.48 2.03 13.4 5.5 17 214 1.9
±0.12 ±0.36 ±1.9 ±1.2 ±3.7 ±16 ±0.8
NS NS 0.02 NS NS NS NS
Normal + PTH 60
±4.5
1.34 2.20 24.5 6.4 20 217 0.78
±0.14 ±0.36 ±2.3 ±1.1 ±3.4 ±26 ±0.3
— 7.32 36.5 17.8 4.67 3.02
±0.02 ±1.7 ±0.9 ±0.16 ±0.11
17.9 4.48 2.89 1.70 4.3 18.5 4.3 13 203 40.2
±0.8 ±0.15 ±0.11 ±0.17 ±0.9 ±2.4 ±0.8 ±3.5 ±25 ±10
NS NS NS NS NS 0.02 0.05 0.05 NS NS
1.73 2.9 34.7 2.6 8.0 178 26.6
±0.21 ±1.5 ±4.3 ±0.3 ±1.2 ±18 ±7.3
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Fig. 2. Calcium excretion corrected per GFR plotted against plasma
ionizable calcium during PTH infusion to TPTX acidotic dogs (closed
symbols) and TPIX control dogs (open circles). At any level of plasma
ionizable calcium, acidotic dogs had a higher calcium excretion than
that of controls. Acidotic TPTX dogs not infused with PTH (that is,
time-controls represented by closed triangles) had a calcium excretion
similar to that of acidotic TPTX dogs infused with PTH at any level of
plasma ionizable calcium.
In contrast, the infusion of PTH to NH4CI-treated dogs failed
to decrease absolute calcium excretion (from 17 5.1 to 22
4.6 .tEq/dl of GFR), and fractional calcium excretion (from 5.8
1.6% to 7.4 1.3%). The lack of anticalciuria in these dogs
was observed in the absence of any significant changes in GFR,
plasma total calcium, and filtered load of ionizable calcium.
Likewise, blood pH, plasma phosphate, bicarbonate excretion
and fractional sodium excretion did not change significantly
during PTH administration. Fractional phosphate excretion
increased significantly as a result of PTH administration to
these NH4C1-treated dogs.
In the time control group, no significant changes in absolute
or fractional calcium excretion were observed. No significant
changes in GFR, plasma ionizable calcium, filtered load of
ionizable calcium, plasma phosphate, bicarbonate excretion, or
fractional sodium excretion were observed in these time-control
animals. Fractional phosphate excretion increased significant-
ly, but to a lesser degree than that observed in acidotic and
control dogs infused with PTH.
Comparison of the data between NH4CI-treated dogs infused
with PTH and NH4C1 time-controls is presented in Table 3.
Both absolute and fractional calcium excretion were similar
between the two groups. No differences in GFR, plasma
calcium, plasma phosphate, fractional sodium excretion, or
filtered load of calcium occurred between the two groups.
Fractional phosphate excretion was significantly higher in the
NH4C1-treated dogs who received PTH. Urine bicarbonate
excretion was not significantly different between the two
groups.
Also shown in Table 3 are the differences between NH4CI-
treated time-control dogs and normal dogs infused with PTH.
Both absolute and fractional calcium excretion were significant-
ly lower in the group of normal animals receiving PTH than that
of NH4CI-treated time-controls. Blood pH and bicarbonate
excretion were significantly higher in the former group than in
the latter group. GFR, plasma phosphate concentration, and
fractional sodium excretion were comparable between the two
groups. Likewise, total plasma calcium concentration and fil-
tered load of ionizable calcium were similar between the two
groups.
Comparison of the data obtained in NH4CI-treated dogs and
normal dogs infused with PTH is also presented in Table 3.
Acidotic dogs had a lower blood pH and a lower bicarbonate
excretion than that of normal dogs. At comparable levels of
GFR, plasma phosphate, fractional phosphate excretion, fil-
tered load of calcium and fractional sodium excretion, the
acidotic group exhibited a higher absolute calcium excretion
than that of normal animals (22 4.6 and 8 1 .2 1xEq/dl of
GFR, respectively, P < 0.01). Likewise, fractional calcium
excretion was also higher in NH4C1-treated dogs infused with
PTH than that of normal dogs infused with PTH (7.4 1.3 and
2.6 0.3%, respectively, P < 0.005). Plasma ultrafilterable
calcium was not significantly different between NH4CI-treated
dogs infused with PTH (2.96 0.20 mEq/liter) and normal dogs
infused with PTH (3.07 0.07 mEq/liter).
Figure 2 depicts calcium excretion plotted against ionizable
plasma calcium in acidotic and normal TPTX dogs infused with
PTH as well as in time-control acidotic TPTX animals. It is
clear from this figure that calcium excretion in normal TPTX
dogs receiving PTH was lower than that of acidotic TPTX dogs
receiving PTH or not (that is, time-controls). Hence, the lower
calcium excretion of normal TPTX dogs was not related to
changes in plasma calcium but rather to enhanced tubular
calcium reabsorption by PTH in these animals. In contrast, in
acidotic TPTX dogs infused with PTH, calcium excretion at any
level of ionizable plasma calcium was similar to that of acidotic
TPTX dogs not infused with PTH (that is, time-controls).
Figure 3 summarizes calcium excretion data in both acidotic
and normal TPTX animals throughout the course of the above
described studies.
Discussion
This study demonstrates that PTH administration to TPTX
dogs with chronic metabolic acidosis fails to exert the antical-
ciuric effect observed in normal TPTX dogs. In addition, the
results of the present study confirm numerous previous obser-
vations that chronic metabolic acidosis results in hypercalciuria
[1—71 and that hypercalciuria can ensue independently of PTH
[4, 7]. The exact mechanism or mechanisms responsible for the
increased renal calcium excretion during acidosis is not com-
pletely defined [16—181. The hypercalciuria of metabolic acido-
sis could be the result of several factors: changes in filtered load
of calcium, acidosis per se, changes in sodium excretion, or
changes in PTH activity or effect.
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Fig. 3. Summarizes calcium excretion corrected
per GFR in control TPTX dogs (left panel) and
acidotic TPTX dogs (right panel). PTH infusion
to control TPTX dogs receiving CaCI2 lowered
Ca excretion without changing filtered load of
calcium. In contrast, PTH infusion to acidotic
TPTX dogs failed to decrease calcium excre-
tion. The filtered load of calcium did not change
in either group during PTH infusion. See
Results.
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Urinary calcium excretion rises in parallel with urinary
sodium excretion 117—201. In this study, an increase in sodium
excretion could not account for the calciuria of acidosis,
because fractional sodium excretion was not different between
acidotic and normal intact animals. Likewise, no differences in
plasma calcium or filtered load of calcium were detected
between the two groups (Table 1). The differences in fractional
and absolute calcium excretion observed between acidotic and
normal intact animals could be explained by an effect of
acidosis on renal calcium reabsorption. That metabolic acidosis
depresses tubular calcium reabsorption is generally accepted
[4—71. Our studies on TPTX animals infused with CaC12 (Fig. 1)
are also in agreement with previous observations 17] showing
that acidosis can be associated with an increase in fractional
calcium excretion relative to fractional sodium excretion inde-
pendent of any effect of PTH. When PTH was infused to TPTX
dogs, however, the difference in fractional calcium excretion
between acidotic and normal animals, however, became much
more exaggerated (compare Tables 2 and 3). Moreover, a
significant difference in absolute calcium excretion became
evident between the two groups (Fig. 2).
It should be emphasized that a calciuric effect of acidosis
independent of PTH does not exclude a role of PTH in altering
calcium excretion during acidosis. In this study, as well as
in previous studies [21, 22], TPTX to normal animals did not
decrease absolute or fractional calcium excretion despite a
profound fall in total plasma calcium and filtered load of
ionizable calcium. In contrast, in acidotic dogs, TPTX was
associated with a significant fall in absolute calcium excretion
(Table 1). This suggests that during chronic metabolic acidosis,
PTH was not exerting the anticalciuric effect operative in
normal animals (that is, PTH might be calciuric during acidosis
and its removal blunts this calciuric effect). Because the fall in
filtered load of calcium secondary to TPTX made the interpreta-
tion of this finding difficult, we infused PTH after restoring
filtered load of calcium toward normal levels in acidotic and
normal TPTX dogs. These studies showed clearly that PTH
infusion to acidotic dogs does not decrease calcium excretion
(Table 3 and Fig. 3).
There is considerable evidence that, normally, PTH de-
creases calcium excretion by enhancing reabsorption of calcium
in the distal nephron [23—27]. A PTH-mediated increase in
tubular calcium reabsorption is also suggested by our findings,
showing that in control TPTX dogs, PTH infusion decreased
calcium excretion without changing plasma calcium or filtered
load of ionizable calcium (Table 3 and Fig. 3). Comparison of
calcium excretion between acidotic and normal TPTX dogs
infused with PTH is presented in Figure 2. It can be seen that at
different concentrations of ionizable plasma calcium, calcium
excretion corrected per GFR was higher in NH4CI-treated dogs
than that of normal dogs. Hence, the difference in calcium
excretion was not related to a change in ionizable plasma
calcium but rather to a lack of PTH-induced enhancement of
calcium reabsorption in acidotic dogs. The lack of enhancement
of calcium reabsorption by PTH in acidotic animals is further
shown by the fact that calcium excretion was not different than
that of acidotic "time-control" dogs infused with PTH vehicle
rather than PTH.
The mechanism whereby PTH fails to increase calcium
reabsorption normally during NH4CI-induced metabolic acido-
sis was not completely elucidated by this study. Acidosis "per
se" could modify the tubular effect of PTH preventing its
normal physiologic effect on calcium transport. This possibility
needs to be considered because metabolic acidosis may inhibit
PTH-dependent renal cyclic AMP generation 111, 12] and thus,
the phosphaturic effect of PTH is blunted [11]. Our findings of a
normal increase in fractional phosphate excretion in NH4C1-
treated dogs infused with PTH, however, mitigate against a
TPTX TPTX TPTX
+ CaCI2 + CaCI2 + CaCI2 +CaCI2
+PTH +PTH
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modified effect of PTH in the renal tubule related to the cyclic
AMP system as a result of acidosis.
It is rather possible that PTH may influence tubular calcium
transport at least in part by changing distal delivery of bicarbon-
ate to the distal nephron. This possibility needs to be consid-
ered in view of the demonstration that the hypocalciuric effect
of sodium bicarbonate administration [28—301 is due to enhance-
ment of distal calcium reabsorption [7]. PTH is known to
depress proximal bicarbonate reabsorption [15, 31—33] and
thereby enhances distal bicarbonate delivery. During metabolic
acidosis the filtered load of bicarbonate is low; therefore, the
amount of bicarbonate delivered to the distal nephron by PTH
is diminished necessarily. Hence, enhancement of distal calci-
um reabsorption by bicarbonate would not occur and therefore
hypocalciuria would not ensue.
This hypothesis could not be confirmed in this study inas-
much as bicarbonate excretion after PTH infusion was not
significantly higher than that observed prior to PTH infusion in
both acidotic and control animals. This, however, does not
exclude a role for PTH in distal calcium transport mediated via
enhanced distal bicarbonate delivery because bicarbonate ex-
cretion might not reflect distal bicarbonate delivery (that is,
bicarbonate rejected proximally could be reabsorbed in the
distal nephron). Further studies will be needed to test the
validity of this hypothesis. Moreover, it should be noted that
recent studies have shown that the effect of PTH on distal
calcium transport can be disclosed independently of changes in
bicarbonate in the distal nephron [27, 34, 35]. Hence, our
findings could also be explained on the basis of distal tubular
resistance to PTH independently of changes in distal bicarbon-
ate delivery.
In conclusion, our results demonstrate that, in the dog, PTH
does not exert its normal anticalciuric effect when chronic
metabolic acidosis is present. Elevated serum PTH levels have
been reported in hypercalciuric individuals with ammonium
chloride-induced acidosis and with distal renal tubular acidosis
[5, 16]. Moreover, normal subjects with ammonium chloride-
induced acidosis receiving exogenous PTH also have been
observed to have hypercalciuria [36]. If PTH was to be normal-
ly anticalciuric during metabolic acidosis, the full expression of
the calciuric effect of acidosis should be blunted. We propose
that the lack of anticalciuric effect of PTH during acidosis
contributes to the development of hypercalciuria in patients
with acidosis and normocalcemia despite PTH excess.
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